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Abstract
Purpose Recent literature has reported that the ]progres-
sion risk of Lenke 5 adolescent idiopathic scoliosis (AIS)
during adulthood had been underestimated. Surgery is,
therefore, proposed more to young patients with progres-
sive curves. However, choice of the approach and fusion
levels remains controversial. The aim of this study was to
analyze the influence of the length of posterior fusion on
clinical and radiological outcomes in Lenke 5 AIS.
Methods All Lenke 5 AIS operated between 2008 and
2012 were included with a minimum 2-year follow-up.
Patients were divided into two groups according to the
length of fusion. In the first group (selective), the upper
instrumented level (UIV) was the upper end vertebra of the
main structural curve and distally the fusion was extended
to the stable and neutral vertebra, according to Lenke’s
classification. In the second group (hyperselective), shorter
fusions were performed and the number of levels fused
depended on the location of the apex of the curve (at
maximum, 2 levels above and below, according to Hall’s
criteria). Apart from the fusion level selection, the surgical
procedure was similar in both groups. Radiological out-
comes and SRS-22 scores were reported.
Results 78 patients were included (35 selective and 43
hyperselective). The number of levels fused was signifi-
cantly higher in the first group (7.8 ± 3 vs 4.3 ± 0.6).
None of the patients was fused to L4 in selective group. No
correlation was found between length of fusion and com-
plication rate. Eight patients had adding-on phenomenon
among which 6 (75%) had initially undergone hyperse-
lective fusions and had significantly higher postoperative
lower instrumented vertebra (LIV) tilt. In the adding-on
group, LIV was located above the last touching vertebra
(LTV) in 62.5% of the cases and above the stable vertebra
(SV) in 87.5%. Patients in the selective group reported a
significantly lower score in the SRS function domain.
Conclusion Coronal alignment was restored in both
groups. Hyperselective posterior fusions can be considered
in Lenke 5 AIS, preserving one or two mobile segments,
with similar clinical and radiological outcomes. However,
selection of the LIV according to SV and LTV need to be
accurately analyzed in order to avoid adding-on during
follow-up.
Keywords Adolescent idiopathic scoliosis  Lenke 5 
Selective fusion  Short segment
Introduction
Recent literature has reported that the progression risk of
Lenke 5 adolescent idiopathic scoliosis (AIS) during
adulthood had been underestimated and that curves greater
than 35 should be carefully followed after skeletal matu-
rity. As a matter of fact, Pesenti et al. reported that 50% of
these curves demonstrated significant progression after
20 years of follow-up [1]. Surgery is, therefore, more often
considered in AIS patients with progressive curves greater
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than 40, especially in case of clinical imbalance or cos-
metic demand. However, the choice of the approach, the
selection of fusion levels and more specifically the length
of arthrodesis remain controversial. Some authors reported
a greater loss of function with long fusions ending below
L3 [2 5], but postoperative functional outcomes similar to
those of asymptomatic subjects of the same age have also
been found at 2-year follow-up [6 9].
Lenke 5 AIS correction can be addressed through
posterior or anterior approach. In the latter, surgeons
usually tend to fuse less mobile segments, following
Hall’s recommendations and, therefore, sometimes
accept a residual lower instrumented vertebra (LIV) tilt
in order to reduce the risk of future adjacent segment
degeneration [10-13]. In the past decade, the posterior
correction of Lenke 5 has regained popularity due to the
development of all-screw constructs and direct vertebral
derotation technique. In most of the cases, fusions are
selective, sparring the thoracic spine, but extend from
the upper end to the lower end vertebrae of the main
structural curve (selective fusion) [10]. Fusions down to
L4 are, therefore, sometimes necessary, especially when
the apex is located below L2, leaving only two mobile
discs below the fusion mass [12]. No long-term study
has ever compared short segment anterior and selective
posterior fusions. In fact, the feasibility of such a com-
parison can be questioned due to the bias represented by
the different approaches.
Recently, some surgeons have tended to reduce their
fusion length in posterior procedures as well (hyperselec-
tive fusion), using the criteria initially described for ante-
rior surgery, because they strongly believed in the 3D
correction potential of pedicle screws and were concerned
about the future risk of adjacent degeneration [10, 14]. The
aim of this study was, therefore, to compare the clinical and
radiological outcomes of selective and hyperselective
fusions in Lenke 5 AIS operated via posterior approach.
Materials and methods
Patients
After IRB approval, all consecutive patients with Lenke 5
AIS operated through posterior approach in two depart-
ments (5 senior surgeons) between July 2008 and October
2012 were included. Clinical, surgical and radiological data
were collected with a minimum 2-year follow-up. Patients
with previous spine surgery or significant lower limb
deformity affecting the frontal pelvic tilt were excluded.
Operative procedure
Patients were divided into two groups according to the
surgical strategy. In center 1 (selective group), fusions
were performed aiming to optimize the restoration of both
coronal and sagittal alignments [13, 15]. The upper
instrumented vertebra (UIV) was the upper end vertebra of
the main structural curve. Attention was paid to stop the
fusion below the apex of the thoracic kyphosis (below T6)
in order to avoid proximal junctional kyphosis. The ver-
tebra selected as LIV had to be neutral on standing films,
crossed between its pedicles by the center sacral vertical
line (CSVL) and located above a mobile disc on bending
films [16]. Fusions were never extended below L4, leaving
at least two mobile discs under the fusion mass.
Short-segment fusions were performed in center 2 (hy-
perselective group), following the rules initially described
for short-segment anterior fusion by John Hall [17]. When
the apex was located on a vertebral body, fusion extended
one vertebra above and one vertebra below; while if the
apex was located on a disc, fusion extended from two
vertebrae above to two vertebrae below (Fig. 1).
Apart from the fusion level selection, the surgical pro-
cedures were similar in both centers, using 5.5 Titanium
rods and lumbar pedicular screws (Legacy Medtronic,
Fig. 1 Pre and postoperative X rays of patient of selective (a) and hyperselective group (b)
Minneapolis, MN, USA), sometimes supplemented by
sublaminar bands (Jazz Implanet, Bordeaux, France) at
thoracic levels. The proximal fixation was either performed
by supralaminar hooks or pedicle screws, depending on
surgeon’s preference. Rod derotation and in situ bending
were the main techniques used for correction. Arthrectomy
was performed at each fusion level. No patient underwent
anterior release. The same perioperative blood saving
strategy was used in all patients, associating intraoperative
cell saver and tranexamic acid. Spinal cord monitoring was
systematically performed.
Radiological parameters
Patients underwent low-dose biplanar radiographs using
the EOS system (EOS imaging, Paris, France) preopera-
tively, postoperatively (within 1 month) and at latest fol-
low-up, as previously described [18]. Spinal measurements
were performed using the dedicated SterEOS software, by
an experienced independent spinal surgeon. Coronal
parameters included Cobb angles of the main and thoracic
curves, LIV tilt (angle between the lower endplate of the
LIV and the horizontal line), ilio-lumbar angle (ILA, angle
between the lower endplate of L4 and the line joining the 2
sacroiliac joints) and the offset between the vertical line
from the center of the sacral endplate (center sacral vertical
line, CSVL) and the center of C7 (Fig. 2). Location of the
last touching vertebra (LTV, the most proximal lumbar
vertebra that touches the CSVL) was determined according
to Lenke’s definition on standing films [19].
On sagittal radiographs, the following parameters were
measured: T4T12 thoracic kyphosis (TK), L1S1 lumbar
lordosis (LL) and pelvic parameters (pelvic incidence (PI),
sacral slope (SS), pelvic tilt (PT)). The sagittal vertical axis
(SVA, distance between the vertical line from the center of
C7 and the posterosuperior corner of S1) was also ana-
lyzed. SVA was considered positive if directed forwards
and negative if directed backwards.
As described by Berjano et al., lumbar lordosis was
considered adapted to the pelvic incidence if values
respected the following equation: LL = PI ± 9 [20 22].
Functional outcomes and complications
Functional outcomes were assessed at follow-up using the
Scoliosis Research Society SRS-22 questionnaires [23]. All
clinical and radiological complications, including unplan-
ned surgeries, were recorded. Adding-on was defined as a
progression greater than 5 of the LIV frontal tilt [24],
while proximal junctional kyphosis (PJK) was defined by a
progression of the sagittal Cobb angle between the lower
endplate of the UIV and the upper endplate of the UIV ?1
greater than 10 [25, 26].
Statistical analysis
Statistical analysis was performed using SPSS software,
version 20 (IBM, Armonk, New York, USA). Normality of
the distribution was appreciated using Shapiro Wilk Test.
Continuous variables were expressed as means and standard
deviations. Radiological and clinical parameters were com-
pared between groups using Student t tests. Chi square or
Fisher tests were used as appropriate to compare categorical
variables. Pearson’s tests were performed to evaluate the
correlation between radiological parameters and SRS-22
scores. A p\ 0.05 was considered statistically significant.
Results
Patients
Seventy-eight patients were included (35 selective and 43
hyperselective), with a mean follow-up of 55 ± 22 months
Fig. 2 Illustration of central sacral vertical line measurements
(CSVL), lower instrumented vertebra tilt (LIV tilt) and ilio lumbar
angle (ILA)
the LTV or below, while 84% of the short segment fusions
ended proximal to the LTV.
Operative time was significantly shorter in hyperselec-
tive fusions (140 ± 41 vs 210 ± 35 min, p = 0.01), but
the average blood loss was not significantly different
(Table 1).
Coronal radiological parameters
Preoperative parameters are reported in Table 3. The
postoperative correction of the main curve was signifi-
cantly greater in the selective group (63 vs 55%, p = 0.02).
Similarly, the spontaneous correction of the proximal
thoracic contra-curve was significantly greater after longer
fusion (45 vs 23%, p = 0.02). However, satisfactory
coronal balance (\20 mm) was obtained in both groups
postoperatively, and no significant difference was found
regarding residual ILA and LIV tilts, immediately after
surgery and at latest follow-up (Table 2). The number of
patients with a residual postoperative tilt[5 was 15
(34%) in the hyperselective group and 18 (51%) in the
selective one without significant difference (p = 0.08).
Sagittal radiological parameters
Both groups were comparable preoperatively. The surgical
procedure did not significantly modify the LL or the TK in
any of the groups (Table 3). However, TK significantly
increased in both groups during the follow-up period (av-
erage 10 in selective patients, and 8 in hyperselective
cases). Of note, preoperatively, 62% of the patients had a
LL adapted to their PI; however, 21 patients (27%) had PI-
LL\-9 and 8 (10%) had PI-LL[ 9. Postoperatively,
69% of the patients had a LL adapted to PI (66 and 70% in
selective and hyperselective groups, respectively). At final
follow-up, only 49% of the patients had a LL adapted to
their PI (28 and 59% in selective and hyperselective
groups, respectively). All the patients with a PI-LL[ 9,
showing a postoperative hypolordosis, were in the selective
group (n = 5). In the hyperselective group, all the patients
with unadapted LL (n = 18) were hyperlordotic postop-
eratively, with PI-LL\-9 (Table 4).
Functional outcomes
No significant difference was found between the groups
regarding SRS-22 total scores at follow-up. However, the
function domain score was significantly better after short-
segment fusions (p = 0.03, Table 5). SRS-pain scores at
latest examination were greater than 4 in both groups,
without significant influence of the fusion length.
Table 1 Demographic and surgical data (mean ± SD)
Selective
(n 35)
Hyperselective
(n 43)
p
Age (years old) 15.6 ± 2 16.5 ± 2 0.03
Sex F 30, M 5 F 39, M 4 0.49
Risser 3.0 ± 1 3.8 ± 1 0.11
Number of
instrumented level
7.8 ± 3 4.3 ± 0.6 \0.001
Follow up (months) 55 ± 15 55 ± 29 0.32
F female, M male, SD standard deviation
Table 2 LIV selection in regard to the location of the (a) SV and
(b) LTV
Selective
(n 35)
Hyperselective
(n 43)
(a)
SV 3 0 4
SV 2 3 32
SV 1 15 7
SV 17 0
SV ?1 0 0
SV ?2 0 0
(b)
LTV 3 0 0
LTV 2 0 6
LTV 1 3 30
LTV 15 7
LTV ?1 11 0
LTV ?2 6 0
(Table 1). As expected, the number of levels fused was 
significantly higher in the selective group (7.8 ± 3 vs
4.3 ± 0.6 in hyperselective fusions) (p \ 0.01). In the 
latter, most of the patients (85.7%) had an UIV between 
T10 and T7, while five patients had an UIV located at T11 
and T12. In the hyperselective group, the UIV was T10, 
T11 or T12 in all cases.
Most of the selective patients (26, 74.3%) were fused to 
L4, while nine fusions ended in L3 (25.7%). None of the 
patients was fused to L4 in the short-segment group. In the 
latter, the most frequent LIV was L3 (29, 67%), while 14 
patients (33%) were only fused to L2. The selection of the 
LIV in regard to the location of the LTV and the 
stable vertebra (SV) is reported in Table 2a, b. In the 
selective group, the LIV was located in most of the cases 
(91%) on the SV or 1 level above (SV-1), while the most 
frequent selected LIV (74%) was SV-2 in hyperselective 
cases. Most of the selective fusions (91%) were extended to
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Complications
The overall complication rate was 7.7%, without difference
between the groups. Two early surgical site infections and
two mechanical failures (proximal hook dislodgement)
required revisions. In addition, asymptomatic radiological
PJK were observed in 15 patients (19%) (Table 6). Eight
patients (10.2%) developed an adding-on during follow-up,
among which six (75%) had initially undergone hyperse-
lective fusions and two had selective fusions. In the adding-
on group, the LIV was located above the LTV in five cases
(62.5%), with 1 LTV-2 and 4 LTV-1. Similarly, the LIV
was located above the SV in 87.5% (1 SV-3, 3 SV-2 and 3
SV-1). Postoperative LIV tilt was significantly higher in
the adding-on group (12 ± 2 vs 7 ± 1, p = 0.02).
However, the incidence of AO was not correlated to
postoperative frontal balance nor residual LIV tilt
(r\ 0.100, p[ 0.05).
Discussion
Results of the current study show that short-segment pos-
terior fusions can be considered in Lenke 5 AIS in order to
preserve motion segments, without impairing postoperative
balance. No significant difference was found between
groups regarding the residual LIV tilt, but more adding-on
cases were observed at follow-up after hyperselective
fusion, especially if the LIV was located above the SV.
Goals of surgery
While risk factors for Lenke 5 AIS progression in adult-
hood are better understood [1, 13, 15, 27], the selection of
fusion levels remains controversial when surgery is con-
sidered. Predictive factors of good radiological long-term
outcomes include a postoperative LIV tilt\5, a greater
reduction rate of the main structural lumbar curve and
global coronal balance [27]. The aim of surgery, was,
therefore, to satisfy these parameters, while preserving a
maximal number of mobile segments.
Surprisingly, only 42% of the patients had postoperative
LIV tilt\5 and 55% had good coronal balance, without
any difference between groups. However, the overall
functional outcomes at 5-year follow-up were in accor-
dance with previous literature. But no significant correla-
tions between residual LIV tilt and SRS22 score were
observed (r\ 0.150, p[ 0.05).
In the present study, patientswho developed adding-on had
significantly higher postoperative LIV tilt (12 ± 2 vs
7 ± 1,p = 0.02).Of note, all the patientswith awedged (5)
postoperative disc did not develop adding-on at last follow-up
(Fig. 3). Global coronal alignment, LIV position in regard to
SV and LTV did not impact adding-on occurrence.
Radiological outcomes
Sagittal and coronal alignments were both restored post-
operatively in each group [28]. Cobb angle correction of
the main and the proximal contra-curves were significantly
better in the selective group. LIV tilt and ILA were sig-
nificantly reduced postoperatively, without loss of correc-
tion at follow-up. No difference was observed between
hyperselective and selective procedure in terms of LIV tilt
and ILA correction and postoperatively, number of patients
with a LIV tilt[5 was not significantly different between
groups (20 in the selective group and 23 in hyperselective
group). Moreover, LIV selection in regard to SV and LTV
Table 5 Functional outcomes
comparison between the two
groups (scoliosis research
society score)
Selective (n 35) Hyperselective (n 43) p
SRS 22 Total score 3.9 ± 0.4 4.1 ± 0.6 0.18
SRS 22 Function 3.7 ± 0.7 4.1 ± 0.7 0.03
SRS 22 Pain 4 ± 0.6 4.2 ± 0.9 0.51
SRS 22 Self image 4.1 ± 0.4 4.1 ± 0.6 0.98
SRS 22 Mental health 3.6 ± 0.8 3.9 ± 0.8 0.14
SRS 22 Satisfaction 4.4 ± 0.5 4.5 ± 0.6 0.38
Table 6 Clinical and
radiological complications
Selective (n 35) Hyperselective (n 43) p
Number of radiologic PJK 8 7 0.67
Number of adding on 3 5 0.66
Number of mechanical failure 2 0 0.11
Wound infection 0 2 0.20
PJK proximal junction kyphosis
did not impact the postoperative residual LIV tilt in
hyperselective group. Therefore, fusion to L4 did not
provide more efficient LIV tilt correction or better global
coronal alignment, although more segments were fused.
Nevertheless, the risk of adding-on was not different
between groups. Other authors reported the importance of
SV, LTV, LIV tilt analysis in the choice of LIV [29 31].
However, longer follow-up might be necessary to observe
occurrence of disc degeneration below fusion [32, 33].
Moreover, neither selective nor hyperselective fusions
significantly affected postoperative LL, which is in accor-
dance with previous literature [14]. However, five patients
from the selective group had lumbar hypolordosis at fol-
low-up (although these normative values were obtained
from adult patients). This lack of lordosis might be
explained by a previous tendency, noticed in center 1, to
overbend the lumbar rods that led to more PJK in the past.
Indeed, since 2/3 of the lumbar lordosis is below L4,
surgeons must pay attention not to give too much lordosis
in the instrumented proximal lumbar spine, leading to a
posterior shift of the fusion mass [34]. The significant
increase in TK between the postoperative and the last
follow-up in both groups was not reported in other study
[32, 35, 36]. Larger TK might be explained by a functional
adaptation above the fixed lumbar spine, explaining the 15
asymptomatic PJK (without any differences between
groups).
Nevertheless, postoperative SVA in both groups
remained within normative range (-20 mm\SVA\
20 mm) [37], consequently one can conclude that selective
fusion does not alter global sagittal alignment.
Functional outcomes
In the current study, functional outcomes were very good
according to the SRS-22 scores (selective group:
4.1 ± 0.4; hyperselective group: 4.0 ± 0.6). Despite no
difference in terms of SRS-22 total scores, function was
significantly better in short-segment fusions (selective
3.7 ± 0.7 vs 4.2 ± 0.9, p = 0.03). Eventhough 74% of the
patients were fused to L4 in the selective group, the pain
level at follow-up was not significantly higher (4 ± 0.6 vs
4.2 ± 0.9, p = 0.51), which is in accordance with previous
literature [3, 6, 9, 37 39]. As a matter of fact, Sanchez-
Raya et al. suggested that the amount of residual mobility
and the LIV location had a moderate influence on long-
term patients’ quality of life after long fusions, in opposi-
tion to others variables such as age, preoperative functional
status and time from surgery [4]. Nevertheless, literature
remains sparse about LIV selection in Lenke 5 AIS curves
and few studies analyzed long-term adjacent segment
degeneration according to the fusion length of fusion in
such patients. The only relevant study is a recent analysis
from Ding et al. [9], who compared fusions to L3 and those
to L4 at 3-year follow-up. No significant difference was
found regarding postoperative Oswestry Disability Index
(ODI), SRS-22, Short-Form 36 (SF-36) and Visual Ana-
logical Scale (VAS) scores. However, only ten patients
with Lenke 5 curves were included. While these findings
suggest that extending a fusion to L4 can be considered
safely, longer follow-up regarding radiological outcomes
and SRS function scores remain necessary.
Fig. 3 Radiographic example of adding on phenomenon
Limitations
This series is to date one of the largest dedicated to pos-
terior surgery in Lenke 5 AIS with modern instrumentation,
but several limitations can be mentioned. First, it is retro-
spective and a prospective randomized study would have
provided a higher level of evidence. However, it is difficult
to change a surgeon’s preference regarding fusion levels
selection and prospective studies are, therefore, difficult to
carry on when comparing surgical techniques. Second, only
24% of the patients had more than 5-year follow-up.
Nevertheless, results of this study need to be further con-
firmed with longer follow-up to compare occurrence of
adjacent segment degeneration and clinical outcomes
between groups [33]. Third, while our study analysed the
location of the LIV in regard to SV and LTV, the preop-
erative flexibility and orientation of the discs were not
assessed, and this parameter might play a key role in the
development of adjacent complications when a fusion to
L4 has to be considered.
Therefore, hyperselective posterior fusions can be con-
sidered in Lenke 5 AIS, preserving one or two mobile
segments, with similar clinical and radiological outcomes
than longer fusions. However, the selection of the LIV
according to SV and LTV need to be accurately analyzed in
order to avoid adding-on during follow-up.
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